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(57) The present invention provides an underwater 
maintenance and repair technology of including a laser 
oscillator for .generating a laser beam and a working 
head movably attached to the vicinity of a working target 
portion in the underwater and adapted to scan the laser 
beam to the working target portion, and further, inde- 
pendently fixing the working head to the vicinity of the 
working target portion, jointing an optical fiber cable to 
the working head by using a joint mechanism through a 
remote control operation, guiding a laser beam emitted 
from a laser oscillator via the optical fiber cable, and ir- 
radiating the laser beam from the working head to a sur- 
face of the working target portion while scanning it so 
as to achieve surface modification, surface working and 
decontamination. 
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Description 

Technical Field 

[0001] The present invention relates to a technology 
for maintaining and repairing a structure in an underwa- 
ter,, and for example, to an apparatus for preventably 
maintaining and repairing a reactor pressure vessel and 
an in-core or in-pile (herein, which may be referred to 
as "in-core" for the sake of convenience) structure in a 
nuclear power (generation) plant or the like. Inparticular, 
the present invention relates to underwater mainte- 
nance and repair apparatus and method, which can 
achieve stress improvement of surface layer in the vi- 
cinity of a weld line (seam), surface modification of sen- 
sitized metal fiber and achieve welding repair with re- 
spect to the following targets under the underwater en- 
vironment such as cooling water of reactor pressure 
vessel. In this case, the stress improvement is carried 
out so as to change a residual tensile stress generated 
by heat influence in- welding performance into a com- 
pression stress by a laser Further, the above targets 
include a space partitioned by a shroud shell outer wall, 
which is an in-core structure, a baffle plate and a reactor 
pressure vessel inner wall, and a welded structure sur- 
face existing in a space surrounded by other in-core 
structures. 

Background Art 

[0002] Conventionally, an in-core structure of a light 
water reactor; for example, a boiled water reactor has 
been composed of a material having sufficient corrosion 
resistance and high temperature strength under the high 
temperature and high pressure environment, for exam- 
ple, austenite stainless steel or nickel-group alloy. 
[0003] However, a non- replaceable member of the in- 
core structure is exposed to a severe environment by a 
long-period operation of plant, and for this reason, the 
non-replaceable member receives an influence of neu- 
tron irradiation. As a result, a problem arises such that 
used materials are deteriorated. In particular, the vicinity 
of a welded portion of the in-core structure has a possi- 
bility of potential stress corrosion cracking due to mate- 
rial sensitization by welding input heat and the influence 
by tensile residual stress. 

[0004] Recently, in order to stably and safely operate 
a nuclear power generation plant, a surface modification 
technology of various materials has been developed as 
preventive maintenance means. There is a technology 
of irradiating a laser beam to the surface of material so 
as to achieve surface modification. The technology has 
been disclosed in Japanese Patent Laid-Open Publica- 
tions No. HEI 7-246483 and No. HEI 8-206869, for ex- 
ample. 

[0005] In the above conventional examples, the tech- 
nology described in the former is a laser peeling method, 
in which a laser beam emitted from a pulse laser device 



is irradiated to the surface (working surface) of a work- 
piece via a reflection mirror, and then, a residual tensile 
stress on the working surface is changed into a com- 
pression stress while varying-the irradiating position on 

5 the working surface. 

[0006] On the other hand, the technology described 
in the latter is an underwater laser machining method, 
in which a high output laser beam having a visible wave- 
length and a short pulse is irradiated to a working sur- 

10 face immersed in a cooling water, and thereby, a resid- 
ual stress on the working surface is improved, thus elim- 
inating crack or clad. 

[0007] In the above conventional methods, an optical 
fiber cable is used to transmit a laser beam, and then, 
15 the laser beam is supplied to an in-core target via the 
optical fiber cable so as to work the working surface of 
the in-core structure. 

[0008] In this case, the optical fiber cable used to 
transmit a laser beam considering a radiation resistance 

20 has a merit such that it is thin and light. However, the 
optical fiber cable has the following demerit. That is, the 
optical fiber.cable has a large allowable bend radius 
(about 500 mm) and is easy to be broken when an ex- 
ternal force is locally applied to the optical fiber cable (i. 

25 _e., in a case where allowable or more bending, twist and. 
.tensile stress are applied to the optical fiber cable). For 
this reason, the optical fiber cable is moved to a place 
having a wide space such that the bend radius is allow- 
able, without causing a problem, and the laser beam is 

30 irradiated to a working portion of the place via the optical 
fiber cable. However, in a complicate and narrow place, 
a problem arises such that it is impossible to close the 
optical fiber cable to the working portion due to contact 
with others. 

35 [0009] Further, in the case of moving a working head 
attached with the optical fiber cable to a working posi- 
tion, during movement, an external force such as twist 
and tension is applied to the optical fiber cable, and for 
this reason, the optical fiber cable needs to be carefully 

40 handled. In the reactor pressure vessel having compli- 
cate and narrow portions, a problem arises such that it 
is excessive load for a worker to monitor a state that an 
external force is applied to the optical fiber cable and to 
take suitable measures thereto. 

45 [0010] As described above, the optical fiber cable has 
a large bend radius and is easy to be broken. Therefore, 
the nuclear power generation plant needs to have con- 
struction and structure such that allowable or more 
bending, twist and tensile force are not applied to the 

so optical fiber cable. Further, in the case of manufacturing 
an apparatus for the plant, the apparatus needs to have 
a structure such that the apparatus is quickly replacea- 
ble when it is broken down in error. 
[0011] In the structure in the reactor pressure vessel, 

55 which is a target for preventive maintenance and repair 
of the reactor, a complicate and narrow portion exists. 
For example, as shown in Fig. 16, there exists a space 
(hereinafter, referred to as.annulus space) surrounded 
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by an inner wall of reactor pressure vessel 1 , an outer 
wall of shroud 2 and a baffle plate 3. The space Is very 
narrow because a jet pump 4 exists therein. Eight or 
more jet pumps 4 are arranged around the shroud 2. A 
welded structure such as jet pump 4 existing in the an- 5 
nulus portion has a complicate structure. 
[0012] In the case of applying a preventive mainte- 
nance and repair apparatus for an underwater structure, 
in the use of laser, to the surface of the welded structure 
located in the annulus space, safety and reliability in 10 
handling of the optical fiber cable are very important. 
[0013] In particular, in the welded structure of the an- 
nulus space, there exist a welding portion between a ris- 
er brass arm 6 fixing a riser pipe 5 of the jet pump 4 to 
the reactor pressure vessel 1 and the reactor pressure is 
vessel 1 , and a welding portion between the riser brass 
arm 6 and the riser pipe 5. These welding portions are 
positioned in a very complicate and narrow space, and 
for this reason, the apparatus must be made into a small 
size, and further, flexibility must be improved, in addition 20 
to the safe and reliable handling of the optical fiber ca- 
ble. 

[0014]. The present invention has been made in view 
of the above circumstances. Therefore, an object of the 
present invention is to provide underwater maintenance 25 
and repair apparatus and method, which can achieve 
surface modification, surface machining and decontam- 
ination by precisely irradiating a laser beam in the un- 
derwater to a welding portion of an in-core structure lo- 
cated in a narrow space, such as a riser brass arm of a 30 
jet pump located in an annulus space of a reactor pres- 
sure vessel. 

Disclosure of The Invention 

35 

[0015] In order to achieve the above object, the 
present invention provides an underwater-maintenance 
and repair apparatus, comprising: a laser oscillator for 
generating a laser beam; a working head movably at- 
tached to a portion in a vicinity of a working target portion 40 
in the underwater and adapted to scan the laser beam 
to the working target portion; an optical fiber cable for 
optically connecting the working head to the laser oscil- 
lator; and a joint mechanism arranged on a connective 
portion of the optical fiber cable and the working head *s 
to be separable through a remote control operation, 
wherein the working head irradiates the laser beam to 
a surface of the working target portion so as to achieve 
surface modification, surface working and decontami- 
nation, so 
[001 6] Further, the present invention also provides an 
underwater maintenance and repair method, compris- 
ing the steps of: independently fixing a working head to 
a portion in a vicinity of a working target portion; jointing 
an optical fiber cable to the working head using a joint 55 
mechanism through a remote control operation; guiding 
a laser beam emitted from a laser oscillator via the op- 
tical fiber cable; and irradiating the laser beam from the 



working head to a surface of the working target portion 
while carrying out a scanning operation to the surface 
to achieve surface modification, surface working and 
decontamination. 

[0017] According to the present invention, in the case 
of attaching the working head to a complicate and nar- 
row portion, the optical fiber cable, which is lack of flex- 
ibility and breaks down when an external force exceed- 
ing an allowable range is locally applied, is removed 
from the working head. In this state, the working head 
is first attached to the working target portion, and there- 
after, the optical fiber cable is attached to the working 
head. According to this structure, the working head, the 
cable and hose attached to the working head and the 
optical fiber cable are handled independently from each 
other, and thereby, it becomes possible to achieve sur- 
face modification, surface working and decontamination 
with respect to a complicate and narrow working target 
portion without breaking the optical fiber cable. 
[0018] Preferred embodiments, modification exam- 
ples and theiroperation and effect of the present inven- 
tion will be further apparent from the following descrip- 
tions with reference to the accompanying drawings. 
[0019] Incidentally, although the present invention is 
applicable to various liquid environments, it is one pre- 
ferred embodiment to apply the present invention to 
maintenance and repair work in a reactor pressure ves- 
sel as in the present invention. 

Brief Description of The Drawings 

[0020] 

Fig. 1 is a view showing a whole structure of an un- 
derwater -maintenance and repair apparatus ac- 
cording to a first embodiment of the present inven- 
tion. 

Fig. 2A to Fig. 2C are individually cross sectional 
views showing a joint procedure of a joint mecha- 
nism shown in Fig. 1 . 

Fig. 3 is a perspective view partly in section showing 
a joint mechanism of an underwater maintenance 
and repair apparatus according to a second embod- 
iment of the present invention. 
Fig. 4A and Fig. 4B are individually cross sectional 
views showing a joint mechanism of an underwater 
maintenance and repair apparatus according to a 
third embodiment of the present invention. 
Fig. 5 is a view showing a structure of an underwater 
maintenance and repair apparatus according to a 
fourth embodiment of the present invention. 
Fig. 6 is an enlarged view showing a structure of an 
underwater maintenance and repair apparatus ac- 
cording to a fifth embodiment of the present inven- 
tion. 

Fig. 7 is a perspective view showing a working head 
unit of an underwater maintenance and repair ap- 
paratus according to a sixth embodiment of the 
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present invention. 

Fig. 8A is a perspective view showing an internal 
structure of the working head shown in Fig. 7 and 
Fig. 8B is a cross sectional view showing an optical 
fiber guide tube of Fig. 7. 

Fig. 9 is a perspective view showing a working head 
attachment of an underwater maintenance and re- 
pair apparatus according to a seventh embodiment 
of the present invention. 

Fig. 10 is a perspective view showing a working 
head attachment of an underwater maintenance 
and repair apparatus according to an eighth embod- 
iment of the present invention. 
Fig. 11 is a front view partly in section showing a 
working head attachment of an underwater mainte- 
nance and repair apparatus according to a ninth 
embodiment of the present invention. 
Fig. 12 is a perspective view showing an underwa- 
ter maintenance and repair apparatus according to 
a tenth embodiment of the present invention for ex- 
plaining a working method of a riserbrass arm weld- 
ing portion by using a manipulator system. 
Fig. 1 3A is a top plan view showing a working por- 
tion of the riser brass arm, Fig. 13B is a side view 
showing the same as above, and Fig. 13C is a top 
plan view showing a direction of the working head 
to the working portion of the riser brass arm. 
Fig. 14 is a perspective view showing a working 
head of an underwater maintenance and repair ap- 
paratus according to an eleventh embodiment of 
the present invention. 

f Fig. 15 is a cross sectional view showing an optical 
fiber connector plug of an underwater maintenance 
and repair apparatus according to a twelfth embod- 
iment of the present invention. 
Fig. 16 is a perspective view showing a jet pump 
located in a reactor pressure vessel. 

Best Mode for Carrying Out The Invention 

[0021] Preferred embodiments of the present inven- 
tion will be described hereunder with reference to the 
accompanying drawings. 

[First embodiment] 

[0022] Fig. 1 is a view showing the whole structure of 
an underwater maintenance and repair apparatus ac- 
cording to a first embodiment of the present invention, 
and Fig. 2A to Fig. 2C are individually cross sectional 
views showing a joint (joining) procedure of a joint mech- 
anism of the underwater maintenance and repair appa- 
ratus shown in Fig. 1 . 

[0023] In this first embodiment, a reactor pressure 
vessel is filled with a cooling water, and then, a laser 
beam is guided into an in-core (in-pile) structure located 
in the reactor pressure vessel using an optical fiber ca- 
ble and is irradiated to the in-core structure surface to 



thereby achieve the surface modification, the surface 
machining and the decontamination. 
[0024] As shown in Fig. 1 , a laser oscillator (genera- 
tor) 10 and a control panel 11 are located on an opera - 
5 tion floor, not shown. The laser oscillator 1 0 is a device 
for generating a visible wavelength pulse laser such as 
a copper vapor laser or YAG laser (for second harmonic 
generation), and a pulse width of oscillated laser beam 
is less than 100 nsec. 
10 [0025] The laser oscillator 1 0 is optically connected to 
an optical fiber cable 1 3 for transmitting a laser beam to 
a working head 1 2. The distal end portion of the optical 
fiber cable 1 3 is con nected with a removable optical fiber 
connector plug 15, which is one of a joint mechanism 
*s 14. On the other hand, the working head 12 is attached 
with an optical fiber connector receptacle 16, which is 
the other one of the joint mechanism 14. 
[0026] On the other hand, the control panel 1 1 is con- 
nected with a control cable 1 7, and the distal end of the 
20 control cable 17 is connected to the working head 12, 
and the control panel 11 is thus electrically connected 
to the working head 1 2 via the control cable 1 7. Through 
a remote control from the control panel 11^ that is, 
through a control operation from the outside of the un- 
25 derwater, the optical fiber connector plug 15 is made re- 
movable to the optical fiber connector receptacle 16, 
and thereby, the working head 12 and the optical fiber 
cable 1 3 are separable to each other. 
[0027] The working head 12 is fixed in the vicinity of 
30 the working target portion in the underwater by a head 
fixing mechanism 18, and is movable by a slide mech- 
anism, not shown. Further, the working head 12 guides 
a laser beam oscillated from the laser oscillator 10 via 
the optical fiber cable 13, and then, scans it to the work- 
35 jng target portion. 

[0028] In the embodiment shown in Fig. 1 , the working 
head 1 2 is fixed to a riser brass arm 6 for fixing a riser 
pipe 5 to the reactor pressure vessel 1 by the head fixing 
mechanism 18, and accordingly, the attachment posi- 
4° tion of the working head 12 to the riser brass arm 6 
comes to the vicinity of the working target portion of the 
in-core structure. " 

[0029] Fig. 2A to Fig. 2C are individually cross sec- 
tional views showing a joint procedure of the joint mech- 

45 anism 1 4. As shown in Fig. 2A, the optical fiber connec- 
tor receptacle 1 6 of the working head 1 2 includes elec- 
tromagnets 19a and 19b, which can turn on and off ex- 
citation through the remote control operation, and on the 
other hand, the optical fiber connector plug 15 has a 

50 connector case made of ferromagnetic material. 

[0030] Therefore, in order to joint the optical fiber ca- 
ble 13 to the working head 12, the optical fiber cable 13 
having the distal end attached to the optical fiber con- 
nector plug 15 composed of ferromagnetic material is 

55 hung down from a portion above a reactor pool, and 
then, is inserted into the optical fiber connector recep- 
tacle 16 of the working head 12. Thereafter, as shown 
in Fig. 2B, the electromagnets 1 9a and 19b are excited 
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through the remote control operation so that the optical 
fiber connector plug 15 is fixed as shown in Fig. 2G. 
[0031] In this case, the working head 12 is provided 
with a reflection mirror 20 for reflecting a laser beam 
emitted from the optical fiber connector plug 15 at an 
angle of 90° when the optical fiber connector plug f5 is 
fixed in the optical fiber connector receptacle 16. 
[0032] Accordingly, in this first embodiment, the work- 
ing head 1 2 has the joint mechanism 1 4, so that the op- 
tical fiber cable 1 3 and the working head 1 2 can be read- 
ily jointed to and separated from each other by the re- 
mote control operation from the outside of the underwa- 
ter. 

[0033] An operation of this first embodiment will be 
described hereunder. 

[0034] According to this first embodiment, the follow- 
ing working is carried out with respect to a complicate 
and narrow portion in the underwater. More specifically, 
the working head 12 including the head fixing mecha- 
nism 1 8 and head slide mechanism, not shown, is hung 
down from a portion above the reactor pool so as to 
close to a working portion. Then, the working head 12 
is attached to the in-core structure by using the head 
f ixing mechanism;1 8, and thereafter, is moved to a work- 
able position by using the head slide mechanism pro- 
vided in the working head 12. When such work is done 
in a state that the optica! fiber cable 13 is attached to 
the working head 1 2, a bend or twist force is applied to 
the optical fiber cable 13, and for this reason, there is a 
high possibility that the optical fiber cable 13 is broken 
down. 

[0035] However, in this first embodiment, the working 
.head 12 and the optical fiber cable 13 have the joint 
mechanism 14 that is capable of closing and separating 
by the remote control. Thus, in the attachment work to 
a working target portion, the optical fiber cable 13 is re- 
moved from the working head 12, and after the attach- 
ment work of the working head 12 to the working target 
portion has been completed, the optical fiber cable 13 
is jointed to the working head 12 so as to carry out this 
working. After such working has been completed, when 
a further working is carried out to another portion, the 
optical fiber cable 1 3 is again removed from the working 
head 12. Thereafter, in the same manner as that men- 
tioned above, the attachment and working to the In-core 
structure can be achieved by using the head fixing 
mechanism 18 and the head slide mechanism of the 
work head 12. 

[0036] More specifically, according to the underwater 
maintenance and repair method of this embodiment, the 
working head 12 is independently located and fixed in 
the vicinity of the working target portion, and the optical 
fiber cable 13 is then hung down from the portion above 
the reactor pool so as to be jointed to the working head 
12 by using the joint mechanism 14. Thereafter, a laser 
beam from the laser oscillator 1 0 is guided to the work- 
ing head 12 via the optical fiber cable 13, and then, is 
irradiated to the surface of the in-core structure while 



being, scanned by the head slide mechanism of the 
working head 12. Thus, the surface modification, sur- 
face machining and decontamination can be effectively 
achieved. 

5 [0037] As described above, according to the under- 
water-maintenance and repair method of this first em- 
bodiment, the working head 1 2 and the optical fiber ca- 
ble 13 have the joint mechanism 14 which is capable of 
closing and separating through the remote control op- 

10 eration from the outside of the underwater. Further, the 
working head 12 is attached to the in-core structure in 
a state of the optical fiber cable 13 being removed, and 
thereafter, the optical fiber cable 13 is attached to the 
working head 12. By employing the working procedure 

*s mentioned above, it becomes possible to realize the 
working with respect to a complicate and narrow portion 
without breaking or damaging the optical fiber cable 13. 
[0038] In this first embodiment, the optical fiber con- 
nector receptacle 1 6 of the working head 1 2 is provided 

20 with the electromagnets 19a and 19b, and the connector 
case of the optical fiber connector plug 15 is composed 
of ferromagnetic material. Conversely, however, the op- 
tical fiber connector receptacle 1 6 may be composed of 
ferromagnetic material, and the optical fiber connector 

25 plug 15 may be provided with electromagnets. 

[Second Embodiment] 

[0039] Fig. 3 is a perspective view partly in section 
30 showing a joint mechanism of an underwater mainte- 
nance and repair apparatus according to a second em- 
bodiment of the present invention. In this case, like ref- 
erence numerals are used to designate the same or cor- 
responding portions as those of the above first embod- 
35 iment, and only the construction and operation (f unction 
and/or effect) different from those of the above first em- 
bodiment will be described hereunder. This matter will 
be also applied to the embodiments following to the sec- 
ond embodiment as described hereinlater. 
40 [0040] In this second embodiment, a wire system is 
used to joint the optical fiber cable 13 to the working 
head 12 for transmitting a laser beam thereto, and a 
clamp system is used to joint the optical fiber connector 
plug, and further, a buoyant force system is used to re- 
45 cover the optical fiber connector plug 1 5. 

[0041] As shown in Fig. 3, a joint mechanism 14 In- 
cludes a removable unit 21 and a joint unit 22, which are 
separable from each other, and the joint unit 22 is ar- 
ranged on the working head 12 side. 
so [0042] The removable unit 21 includes a guide plate 
23 formed like a flat plate, a hollow protective container 
24, a checking male taper portion 25, a support portion 
26, a guide hole 27 and a notch portion 28 formed in the 
support portion 26. More specifically, the hollow protec- 
ts tive container 24 is fixed on the center of the guide plate 
23, and the checking male taper portion 25 is fixed on 
the center of the lower su rf ace of the guide plate 23. The 
support portion 26 is used forfixing the optical fibercon- 
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nector plug 1 5 to the guide plate 23, and the guide hole 
27 is formed in the guide plate 23 so that a wire rope r 
which will be described hereinlater, can pass there- 
through. 

[0043] In this case, the optical fiber connector plug 15 5 
can be readily detached from the guide piate 23 by draw- : 
ing downward the optical fiber connector plug 15, and z 
then, removing the optical fiber cable 13 from the notch 
portion 28. 

[0044] Furthermore, a float 29 which is expandable 10 
and shrinkable through air supply and air discharge is 
received in the protective container 24. An upper portion 
of the float 29 is connected to an air hose 30 penetrating 
through an upper plate of the protective container 24. 
The upper plate of the protective container 24 is formed 15 
with a-plurality of drain holes 31 . The distal end of the 
male taper portion 25 is connected to aw\re rope 32. 
[0045] On the other hand, the joint unit 22 is arranged 
on the; working head 12 side and this joint unit 22 has a 
receiving block 33. The receiving b!ock-33 is provided 20 
with an optical fiber connector receptacle 1 6 to which 
the optical fiber connector plug 15 is jointed, ajemale 
taper portion 34 into which the male taper portion 25 of 
the removable unit 21 is fitted, and a pulley 36. The pul- 
ley 36 is attached below the female taper portion 34 to 25 
be rotatable around a shaft 35. Further, the receiving 
block 33 is formed with a through hole 37 at the bottom 
portion of the female taper portion 34 and is formed with 
a through hole 38 at a portion in the vicinity of the female 
taper portion 34. The optical fiber connector receptacle 30 
1 6 is provided with a mirror case 39 at its lower portion. 
[0046] The wire rope 32 fed from the removable unit 
21 passes through the through hole 37 formed at the 
lower portion of the female taper portion 34, and then, 
the drawing direction of the wire rope 32 is changed up- 35 
wardly by the pulley 36. Thereafter, the wire rope 32 
passes through the through hole 38 and the guide hole 
27 of the removable unit 27, and then, is supplied to the 
upper portion, for example to an operation floor, not 
shown. 40 
[0047] A clamp mechanism 40 functioning as a re- 
movable mechanism is incorporated into both sides of 
the receiving block 33 of the joint unit 22. The clamp 
mechanism 40 holds the removable unit 21 when the 
optical fiber connector plug 15 Is jointed to the optical 45 
fiber con nector receptacle 16. Further, the clamp mech- 
anism 40 has a retaining metal tool 41 , which is attached 
to a pawl 42 via a bearing. The pawl 42 is urged by a 
spring 43 so as to be always opened. 
[0048] The lower portion of the retaining metal tool 41 so 
is connected to a driving rod of an air cylinder 44. When 
the driving rod of the air cylinder 44 is compressed, the 
retaining metal tool 41 is received in a guide groove 45 
forming a sidewall of the receiving block 33 and the pawl 
42 is then closed. 55 
[0049] This second embodiment will be operated in 
the manner mentioned hereunder. 
[0050] In the case where the working head (working 
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device) 12 is located in the reactor, in order to prevent 
damage to the optical fiber cable 13, the optical fiber 
cable 1 3 is removed from the guide plate 23. Thereafter, 
the wire rope 32 is fed in a state that the removable unit 
21 and the joint unit 22 are jointed together (or the re- 
movable unit 21 is left on the operation floor, not shown), 
and according to this manner, the working head 12 is 
located in the reactor. 

[0051] Subsequently, in order to joint the removable 
unit 21 and the joint unit 22, the air cylinder 44 is driven 
so that the retaining metal tool 41 including the pawl 42 
is retracted in the guide groove 45. Then, the pawl 42 
holds the guide plate 23 of the removable unit 21 while 
a force of pulling near being applied. The right-hand side 
of the joint unit shown in Fig. 3 shows a jointed state. 
[0052] After the working head 12 is located, the re- 
movable unit 21 in a state that the removable unit 21 is 
separated from the joint unit 22, an air is supplied into 
the float 29 of the protective container 24 from the air 
hose 30 so that the float 29 is swelled. According to such 
manner, the removable unit 21 comes up to the water 
surface by a buoyant force generated by the supplied 
air. 

[0053] Then, the removable unit 21 is pulled up on the 
operation floor, and thereafter, the optical fiber connec- 
tor plug 15 is attached to the guide plate 23. The air of 
the float 29 is released, and then, the removable unit 21 
is again sunk in the underwater of the reactor. 
[0054] Then, by winding up the wire rope 32, the op- 
tical fiber cable 13 comes near the joint unit 22, and 
hence, is safely moved to a joint position of the working 
head 12 without applying a large bending force. In the 
case of separatingthe removable unit 21 from the joint 
unit 22, the procedure reverse to that mentioned above 
will be carried out. 

[0055] As described above, according to the second 
embodiment, the laser beam is supplied to the working 
head 12 via the optical fiber cable 13, and then, stress 
improvement can be done with respect to all welding 
portions of the riser brass arm 6. 
[0056] Furthermore, according to this second embod- 
iment, since the float 29 is received in the protective con- 
tainer 24, the internal float 29 is protected, and it is pos- 
sible to prevent an interference with peripheral equip- 
ments due to an excessive swelling. Further, in this 
case, the water in the protective container 24 is dis- 
charged to the outside via the drain hole 31 . 

[Third Embodiment] 

[0057] Fig. 4A and Fig. 4B are cross sectional views 
showing a joint mechanism of an underwater mainte- 
nance and repair apparatus according to a third embod- 
iment of the present invention. Fig. 4A shows a state 
before joint, and Fig. 4B shows a jointed state. 
[0058] As shown in Fig. 4A, a joint mechanism 50 of 
this third embodiment is composed of separable mem- 
bers, that is, an optical fiber connector plug 15, which is 
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one of the joint mechanism, and an optical fiber connec- 
tor receptacle 16, which is the other one of the same. In 
this case, the optical fiber connector receptacle 16 is 
located on the working head 12 side. 
[0059] The optical fiber connector plug 15 is provided s 
with a bearing 51 at an outer periphery of the attachment 
distal end of the optical fiber cable 13, and the optical 
fiber cable 13 is supported so as to be relatively rotata- 
ble. Further, the optical fiber connector plug 15 is formed 
with a ring-like suction chamber 52, which functions as 10 
an attracting mechanism, at an outer peripheral side of 
the bearing. The suction chamber 52 is connected to a 
suction hose 53, which is connected to the outside of 
the optical fiber connector plug 15 and functions as an 
attracting mechanism. The lower surface of the optical 15 
fiber connector plug 15, to which the suction chamber 
52 is formed, is provided with a seal ring 54 at each of 
the outer and inner peripheries. Further, the center por- 
tion of the optical fiber connector plug 1 5 is formed with 
a male taper portion 55. The lower central portion of the 20 
male taper portion 55 is a laser beam emission opening. 
[0060] On the other hand, the upper surface of the op- 
tical fiber connector receptacle 1 6 is formed with a seal 
surface 56, which abuts against the seal ring 54, at its 
outer peripheral side, and further, is formed with a fe- 25 
male taper portion 57 at the center portion of the inner 
peripheral side. The lower portion of the female taper 
portion -57 is formed with a laser beam guide space 58 
for receiving a laser beam. 

[0061] This third embodiment will operate as follows. 30 
[0062] When the optical fiber connector plug 15 is 
hung down so as to come near the optical fiber connec- 
tor receptacle 1 6, the male taper portion 55 of the optical 
"fiber connector plug 15 is fitted into the female taper por- 
tion 57 formed oh the upper surface of the optical fiber 35 
connector receptacle 16. Accordingly, the joint center 
position is inevitably determined. - 
[0063] As shown in Fig. 4B, when the optical fiber con- 
nector plug 1 5 is fully fitted into the optical fiber connec- 
tor receptacle 1 6, the seal ring 54 of the optical fiber 40 
connector plug 1 5 closely abuts against the seal surface 
of the upper portion of the optical fiber connector recep- 
tacle 16. 

[0064] At that time, the optical fiber cable 13 is aligned 
with the center of the laser beam guide space 58 so as 45 
to form an optical path. Further, an air is suck by the 
suction hose 53 until an internal pressure of the suction 
chamber 52 becomes a negative pressure. Thus, a joint- 
ing force is generated, by the difference between a wa- 
ter pressure of the reactor pool and this negative pres- so 
sure, to the optical fiber connector plug 15 and the op- 
tical fiber connector receptacle 16. Thus, these plug 15 
and receptacle 1 6 can be jointed. 

[Fourth Embodiment] 55 

[0065] Fig. 5 is a view showing a structure of an un- 
derwater maintenance and repair apparatus according 



to a fourth embodiment of the present invention. 
[0066] According to this fourth embodiment shown in 
Fig. 5, an optical fiber cable insertion guide mechanism 
59 is provided. More specifically, when the optical fiber 
cable 13 is hung down from a portion above the reactor 
pool, the optical fiber cable insertion guide mechanism 
59 is used for readily inserting the optical fiber cable 13 
into the optical fiber connector receptacle 1 6 of the work- 
ing head 12 without breaking the optical fiber cable 13. 
[0067] In the optical fiber cable insertion guide mech- 
anism 59, an optical fiber connector holding tool 60 is 
secured to the optical fiber connector plug 15 attached 
to the distal end portion of the optical fiber cable 13. The 
optical fiber connector holding tool 60 is connected to 
one end of a guide wire 61 . The other end of the guide 
wire 61 passes through the optical fiber connector re- 
ceptacle 1 6 of the working head 1 2 and is attached to a 
guide wire winding machine 63 located on : a movable 
truck installed above the reactor pool. 
[0068] As shown in Fig. 5, the movable truck 62 is 
equipped with wheels 65 for running on rails 64 laid on 
the surroundings of the reactor pool, and the movable 
truck 62 travels along the rails 64. Thus, the guide wire 
winding machine 63 can be arranged directly above the 
working head 12. On the other hand, the working head 
12 is provided with a pulley 66 for winding up the guide 
wire 61 , and further, provided with a reflection mirror 68 
for reflecting a laser beam from the optical fiber connec- 
tor plug 1 5 at an angle of 90° via a parallel beam lens 67. 
[0069] The operation of the fourth embodiment will be 
described hereunder. 

[0070] In order to joint the optical fiber connector plug 

15 to the optical fiber connector receptacle 16 of the 
working head 12, the guide wire 61 is wound up by the 
guide wire winding machine 63, and the optical fiber 
connector plug 15 guided by the guide wire 61 is then 
jointed to the optical fiber connector receptacle 1 6. Ac- 
cording to this manner, it becomes possible to readily 
separate and joint the optical fiber cable 13 and the 
working head 12. 

[0071] As described above, according to this fourth 
embodiment, since the optical fiber cable insertion guide 
mechanism 59 of the structure mentioned above is 
used, it is possible to smoothly joint the optical fiber con- 
nector plug 1 5 to the optical fiber connector receptacle 

16 without breaking the optical fiber cable 13. 

[Fifth Embodiment] 

[0072] Fig. 6 is an enlarged view showing a structure 
of an underwater maintenance and repair apparatus ac- 
cording to a fifth embodiment of the present invention. 
[0073] According to this fifth embodiment shown in 
Fig. 6, the optical fiber cable 13 is hung down from a 
portion above the reactor pool and is moved to the op- 
tical fiber connector receptacle 16 of the working head 
12. In this process, an optical fiber guide mechanism 71 
is used in a case where there exists a portion having a 
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complicate shape on the midway of the hang-down path 
of the optical fiber cable 13. Accordingly, it is possible 
to pass the optical fiber cable 13 through the complicate 
portion without breaking the optical fiber cable 13. 
[0074] The optical fiber guide mechanism 71 is com- 
posed of a three-freedom guide^ manipulator 72 includ- 
ing an expansible mechanism, a guide bellows 73 and 
a wall-stack type manipulator attachment 74. The guide 
bellows 73 is attached to the side of the guide manipu- 
lator 72 and is formed into a cylinder so as to pass the 
optical fiber cable 1 3 therethrough . 
[0075] The operation of the fifth embodiment will be 
described hereunder. 

[0076] The optical fiber guide mechanism 71 is fixed 
to a narrow portion having a complicate shape by the 
wall-stack type manipulator attachment 74, and by using 
the guide manipulator 72, the guide bellows 73 is made 
into a shape capable of passing through a complicate 
and narrow portion in an allowable bending range of the 
optical fiber cable 1 3. After the guide bellows 73 is made 
into a passable shape by the guide manipulator 72, the 
optical fiber cable 13 is inserted into the guide bellows 
73, and then, passed therethrough. 
[0077] As described above, according to this fifth em- 
bodiment, the "optical fiber guide mechanism 71 is at- 
tached to the narrow portion having a complicate shape, 
and then, the optical fiber cable 13 is inserted through 
the guide bellows 73 of the optical fiber guide mecha- 
nism 71 . According to this manner, it is possible to read- 
ily pass the optical fiber cable 1 3 through the complicate 
and narrow portion without breaking the optical fiber ca- 
ble 13. 

[Sixth Embodiment] 

[0078] Fig. 7 is a perspective view showing a working 
head unit of an underwater maintenance and repair ap- 
paratus according to a sixth embodiment of the present 
invention. Fig. 8A is a perspective view showing an in- 
ternal structure of the working head shown in Fig. 7, and 
Fig. 8B is a cross sectional view showing an optical fiber 
guide tube of Fig. 7. 

[0079] As shown in Fig. 7, a working head unit 75 of 
this sixth embodiment is composed of the working head 
12 and a working head attachment 76, which are con- 
structed independently from each other and are used in 
a combined state. The working head 1 2 receives a laser 
beam via the optical fiber cable 13 and the optical fiber 
connector receptacle 16 and carries out the working 
while traveling a collective lens moving mechanism. On 
the other hand, the working head attachment 76 is at- 
tached to the in-core structure and is used to place the 
working head 1 2 to a working target place. 
[0080] As shown in Fig. 8A and Fig. 8B, the working 
head 12 is composed of a parallel beam lens 77, a sec- 
ond optical fiber cable 78, an optical fiber guide tube 79, 
a collective lens 80, reflection mirrors 81 a and 81 b, and 
a collective lens moving mechanism 82. More specifi- 



cally, the parallel beam lens 77 makes a laser beam 
transmitted via the optical fiber cable 13 and the optical 
fiber connector receptacle 16 into a parallel beam, and 
the second optical fiber cable 78 is used to transmit the 

5 laser beam passing between the optical fiber connector 
receptacle 1 6 and the parallel beam lens 77. The optical 
fiber guide tube 79 is formed into a shape of bellows so 
as to guide the second optical fiber cable 78, and the 
reflection mirrors 81a and 81b guides the laser beam 

10 from the parallel beam lens to the collective lens 80. The 
collective lens moving mechanism 82 is used to travel 
the collective lens 80. 

[0081] The collective lens moving mechanism 82 is 
composed of a ball screw 83, a guide rail 84, an X-axis 

is direction moving mechanism 85, a Y-axis direction mov- 
ing mechanism 88, and a drive motor 89. More specifi- 
cally, the X-axis direction moving mechanism 85 func- 
tions as a slide mechanism for moving the collective lens 
80 along the X-axis direction by a drive motor, not 

20 shown. On the other hand, the Y-axis direction moving 
mechanism 88 functions as a slide mechanism for mov- 
ing the collective lens 80 along the Y-axis direction by 
the ball screw 86 and a drive motor 87. The drive motor 
89 is used to rock the collective lens 80 in a Z-axis di- 

25 rection. 

[0082] On the other hand, the working head attach- 
ment 76 is composed of a pair of holding mechanisms 
90, a horizontal slide mechanism 91 , and a longitudinal 
slide mechanism 92. More specifically, the holding 
30 mechanisms 90 holds a plate-like in-core structure so 
as to fix the working head 1 2. The horizontal slide mech- 
anism 91 slides the working head 12 in an A direction 
(horizontal direction) of Fig. 7, and the longitudinal slide 
mechanism 92 slides the working head 12 in a B direc- 
ts tion (longitudinal direction) of Fig. 7. 

[0083] The following description is made to an oper- 
ation of this sixth embodiment. 

[0084] The working head attachment 76 including the 
working head 12 is hung down from a portiorr above the 

40 reactor pool in a state that the optical fiber cable 13 is 
removed and is moved closely to a working target por- 
tion. Then, the working head attachment 76 is fixed to 
the plate-like in-core structure by the holding mecha- 
nism 90, and thereafter, the working head 12 is slid by 

45 the horizontal slide mechanism 91 and the longitudinal 
slide mechanism so as to be positioned to a working po- 
sition. Subsequently, after the positioning has been 
completed, the optical fiber cable 13 is attached to the 
working head, and then, a work is earned out. 

so [0085] In the adoption of the procedure described 
above, even if the working head 1 2 is moved closely to 
the working target portion and then fixed and positioned 
thereon, the working is performed without breaking the 
optical fiber cable 13. Further, since the working head 

55 12 and the working head attachment 76 have a simple 
and small size, it is possible to readily move the working 
head 12 to the working target portion having a compli- 
cate and narrow shape. 
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[0086] In this sixth embodiment, the second optical 
fiber cable 78 is interposed between the optical fiber 
connector receptacle 16 attached to the working head 
12 and the parallel beam lens 77 near to the working 
target. Further, the second optical fiber cable 78 is ar- 5 
ranged so as to mechanically closely connect to the end 
face of the optical fiber cable 1 3 at the optical fiber con- 
nector receptacle 16. According to this structure, it is 
possible to reduce an excessive bending of the optical 
fiber cable 1 3 and simplify the structure of the working 10 
head 12. 

[0087] More specifically, in the second optical fiber ca- 
ble 78, since a bellows bendable to an allowable bend- 
ing radius of the optical fiber cable is used as the optical 
fiber guide tube 79, even if the working head 12 be slid, is 
no external force is applied directly to the optical fiber 
cable 13. Therefore, an excessive bending of the optical 
fiber cable 13 can be reduced. Furthermore, since the 
second optical fiber cable 78 is provided up to the vicinity 
of the working target, the structure of the working head 20 
12 can be simplified. 

[0088] Moreover, in this sixth embodiment, the work- 
ing head unit 75 is composed of the working head 12 
and the working heaxi attachment 76, which are sepa-~ 
rable and independent from each other. Therefore, one 25 
working head 12 and the working head attachment 76 
are used in combination with each other in accordance 
with the complicate and narrow working target portion, 
that is, a shape, working position and direction of the 
working target portion. 30 
[0089] As described above, according to the sixth em- 
bodiment, the working head 12 and the working head 
attachment 76 are used in combination with each other 
in accordance with the shape, the working position and 
direction of the working target portion, so that it is pos-- 35 
sible to readily carry out the working with respect to the 
complicate and narrow working target portion. 

[Seventh Embodiment] 

40 

[0090] Fig. 9 is a perspective view showing a working 
head attachment of an underwater maintenance and re- 
pair apparatus according to a seventh embodiment of 
the present invention. 

[0091] A working head attachment 95 of this seventh *s 
embodiment is constructed in a mannerthat the working 
head 12 is pressed from both sides between the in-core 
structures, that is, between the inner wall of the reactor 
pressure vessel and the shroud wall, and the working 
head is then fixed therein. so 
[0092] As shown in Fig. 9, the working head attach- 
ment 95 is composed of a head attachment member 96, 
an expansible mechanism for fixture 98, a rail 99, and 
a working head rail attachment drive mechanism 100. 
More specifically, the head attachment member 96 is at- 55 
tached with the working head 12, and the expansible 
mechanism 98 fixes the working head 12 by expanding 
the head attachment member 96 and pressing wall 



press plates 97a and 97b from both sides between the 
in-core structures. The rail 99 guides a slide of the work- 
ing head 12 to a horizontal direction, and the working 
head rail attachment drive mechanism 1 00 functions as 
a slide mechanism for sliding the working head 12 along 
the rail 99. 

[0093] Moreover, the wall press plates 87a and 97b 
are attached with two eyebolts 101 , respectively, and a 
hoist wire 102 is inserted into these eyebolts 101, and 
the working head attachment 95 is thus hung down. On 
the other hand, the working head 12 is attached with an 
optical fiber guide tube 79 formed into a shape of bel- 
lows in the same manner as that of the seventh embod- 
iment. 

[0094] Next, the following is a description on an oper- 
ation of this seventh embodiment. 
[0095] The working head attachment 95 including the 
working head 12 is hung downrfrom a portion above the 
reactor pool in a state that the optical fiber cable 13 is 
removed and comes near to a working target portion. 
Then, the working head attachment 95 is fixed to the in- 
core structure by the expansible mechanism 98, and 
thereafter, the working head 12 is slid by using the rail 

99 by the working head rail attachment drive mechanism 

100 so as to be positioned to a working position. After 
the positioning is completed, the optical fiber cable 13 
is attached to the working head, and then, the working 
is carried out. 

[0096] In the procedure described above, even if the 
working head 12 be moved near to the working target 
portion , and then fixed and positioned thereon , the work- 
ing is carried out without breaking the optical fiber cable 
1 3. Further, since the working head 1 2 and the working 
head attachment 95 have a simple and small size, it is 
possible to readily move the working head 12 to the 
working target portion having a complicate and narrow 
shape. 

[0097] As described above, according to this seventh 
embodiment, the following effect is obtainable in addi- 
tion to the effect of the seventh embodiment. More spe- 
cifically, the working head is fixed by pressing it from 
both sides between the in-core structures by the expan- 
sible mechanism 98, and then, the working head attach- 
ment 95 can be positioned securely and readily. 

[Eighth Embodiment] 

[0098] Fig. 1 0 is a perspective view showing a work- 
ing head attachment of an underwater maintenance and 
repair apparatus according to an eighth embodiment of 
the present invention. 

[0099] As shown in Fig. 10, a working head attach- 
ment 1 05 of this eighth embodiment is composed of suc- 
tion fans 1 06a and 106b, two pairs of guide rollers 1 07a 
and 1 07b, and a guide roller drive mechanism 1 08. More 
specifically, the suction fans 1 06a and 1 06b are sucked 
to a reactor pressure vessel or shroud wall so as to fix 
the working head 12 is, and two pairs of guide rollers 
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1 07a and 1 07b slide the working head 12 to a horizontal 
direction. The guide>oller drive mechanism 108 func- 
tions as a drive mechanism for rotating the guide rollers 
107a and 107b. 

[0100] The guide roller drive mechanism 1 08 includes 
a drive motor and drive connecting means such as a 
belt, gear or the like. When the drive motor is driven, a 
driving force is transmitted to the guide rollers 107a and 
107b via the above drive connecting means so that 
these guide rollers 107a and 107b are rotated. 
[0101] In this embodiment, the working head 12 is 
provided with rocking means for rocking the collective 
lens, a moving mechanism for moving the collective lens 
to X- and Y-axis directions and laser beam guide means 
such as a reflection mirror or the like, like the embodi- 
ment shown in Fig. 8. 

[01 02] Next, the following description will be made on 
an operation of the eighth embodiment. 
[0103] The working head attachment 105 including 
the working head 12 is hung down from a portion above 
the -reactor pool in a state that the optical fiber cable 13 
is removed, and thereafter, is moved near the working 
target portion. Then,"the working head attachment 105 
is fixed to the in-core structure by driving the suction 
funs 106 and 106b and the working head 12 is slid using 
the rail 99 by the guide roller drive mechanism 1 08 and 
the guide rollers 107a and 107b so as to be positioned 
to a working target position. Afterthe positioning is com- 
pleted, the optical fiber cable 1 3 is attached to the work- 
ing head 12, and then, the working is carried out. 
[01 04] In the procedure described above according to 
this eighth embodiment, even if the working head 12 be 
moved near the working target portion and is then fixed 
and positioned thereon, the working is carried out with- 
out breaking the optical fiber cable 13. Furthermore, 
since the working head 1 2 and the working head attach- 
ment 1 05 have a simple and small size, it is possible to 
readily move the working head 12 to the working target 
portion having a complicate and narrow shape. 

[Ninth Embodiment] 

[0105] Fig. 11 is a front view partly in section showing 
a working head attachment of an underwater mainte- 
nance and repair apparatus according to a ninth embod- 
iment of the present invention. 

[0106] As shown in Fig. 11, a working head attach- 
ment 110 of this ninth embodiment is composed of a 
working head attachment manipulator 111 , a wall-stack 
type manipulator attachment 115, a relay optical fiber 
cable 116, and a working head connecting jig 117. More 
specifically, the working head attachment manipulator 
111 includes joint portions 112 and 113 and a vertical 
drive mechanism 114. The joint portion 112 and 113 
moves the optical fiber connector receptacle 1 6 in a ro- 
tating direction and its reverse direction so as to be po- 
sitioned. On the other hand, the vertical drive mecha- 
nism 114 vertically drives the optical fiber connector re- 



ceptacle 16. The wall-stack type manipulator attach- 
ment 115 functions as a sticking mechanism for fixing 
the working head attachment manipulator 111 to an in- 
ner wall of reactor pressure vessel or shroud wall. The 

s relay optical fiber cable 116 is interposed between the 
joint portions of the working head attachment manipu- 
lator 111, and the working head connecting jig 117 is 
used to connect the working head 12 with the joint por- 
tions 112 and 113. 

*0 [0107] The following is a description on an operation 
of this ninth embodiment. 

[0108] The working head attachment 110 including 
the working head 1 2 is hung down from a portion above 
the reactor pool in a state that the optical fiber cable 13 
*5 is removed, and thereafter, is moved near the working 
target portion. Then, the working head attachment 110 
is fixed to the in-core structure by the manipulator at- 
tachment 115, and thereafter, the working head 12 is 
moved by the working head attachment manipulator 111 
20 so as to be positioned to the working target position. Af- 
ter the positioning is completed, the optical fiber cable 
J 3 is attached to the working head 12, and then, the 
-working is carried out. 

[01 09] In the procedure described above according to 
25 this ninth embodiment, even if the working head 12 be 
moved near the working target portion, and is fixed and 
positioned thereon, the working is carried out without 
breaking the optical fiber cable 13. Furthermore, since 
the working head 12 and the working head attachment 
30 no have a simple and small size, it is possible to readily 
move the working head 1 2 to the working target portion 
having a complicate and narrow shape. 

[Tenth Embodiment] 

35 

[0110] Fig. 12 eaperspectiveviewexplainingawork- 
ing method to a riser brass arm welding portion by using 
a manipulator system in an underwater maintenance 
and repair apparatus according to a tenth embodiment 

40 of the present invention. 

[0111] Asshownin Fig. 12, an upper portion of reactor 
lattice plate is provided with a working unit attachment 
120 of a turning track movable to a direction shown by 
an arrowC. The working unit attachment 120 is attached 

45 with a working unit 121, which is a manipulator type 
working device. The working unit 121 is attached with a 
working head 12 at its lower end. The working head 12 
is positioned at the same level of height as that of the 
riser brass arm 6. 

so [0112] The working unit 121 is generally composed of 
a base plate 122 located on the working unit attachment 
1 20, an elevating shaft 123, a turning arm 1 24 attached 
to the lower end of the elevating shaft 123, a turning 
mast 125 attached to the distal end of the turning arm 

55 124, and a working head 12. More specifically, the ele- 
vating shaft 123 is attached to the center on the lower 
surface of the base plate 122 so as to extend vertically 
and downwardly. The working head 1 2 is attached to the 
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distal end of the turning mast 125. These elements of 
the working unit 12 are mechanically connected and 
have a constant movable range. 
[01 13] The base plate 1 22 is provided with a drive mo- 
tor 126, a power transmission mechanism 127 and an s 
elevating mechanism 129. More specifically, the power 
transmission mechanism 127 comprises a pulley and a 
belt connected to the drive motor 126, and the elevating 
mechanism 129 comprises a ball screw 128 connected 
to the power transmission mechanism 1 27. The elevat- 10 
ing mechanism 129 drives mechanisms after the loca- 
tion of the turning arm 1 24 attached to the lower portion 
of the elevating shaft 123 in a vertical direction shown 
by an arrow D. 

[0114] Further, a drive motor 130 is located at the vi- 15 
cinity of the elevating shaft 123 in the turning arm 124. 
A driving belt 131 is stretched between a pulley of the 
drive motor 130 and the a groove formed at -the outer 
periphery of the elevating shaft 123, and when the drive 
motor 130 is driven, the turning arm 124 can be turned 20 
in a direction shown by an arrow E. 
[01 1 5] Furthermore, a driving belt 1 34 is stretched be- 
tween a rotary shaft of a drive motor 132 located in the 
vicinity of ihe distal end of the turning arm 124 and a 
pulley fixed to a first joint 133 including a rotary bearing. 25 
When the drive motor 132 is driven, mechanisms after 
the location of the working mast 125 can be turned in a 
direction shown by an arrow F. The fist joint 133 and the 
turning mast 125 are connected by a second joint 135 
including a rotary bearing, and accordingly, it is possible 30 
to absorb an inclination of the working head 12 due to 
an installation error of the working unit 121 or the like. 
[0116] Fig. 13A is a top plan view showing a working 
portion of the riser brass arm, Fig. 13B is a side view 
thereof, and Fig. 13C is a top plan view showing a di- 35 
rection of working head to the working portion of the riser 
brass arm.- 

[0117] As shown in Fig. 13A and Fig. 13B, the riser 
pipe 5 is provided with vertically arranged two welding 
joint portions shown by reference numerals 141 and 40 
142. Moreover, in the riser brass arm 6, the following 
welding joint portions exist. That is, the welding joint por- 
tions include front and back portions of an upper arm 
144 and front and back portions of a lower arm 145 on 
the side of the shroud 2, and front and back portions of *5 
an upper arm 1 47 and front and back portions of a lower 
arm 148 on the side of the reactor pressure vessel 1. 
Welding joint portions of the same number as those 
mentioned above exist to counter side riser brass arm 
6 (opposite, in arrangement, to that mentioned above). 50 
[01 1 8] Therefore, there is a need of changing a direc- 
tion of the working head with respect to the welding 
working portion, and Fig. 13A shows that direction of the 
working head 12. The direction of the working head 12 
must be changed to a position 'a 1 with respect to a weld- 55 
ing joint portion with the riser pipe 5, and to a position 
'b' with respect to a welding joint portion of the arm on 
the shroud side. Further, the direction of the working 



head 12 must be changed to a position 'c' with respect 
to a welding joint portion of the arm on the reactor pres r - 
sure vessel side. 

[0119] Furthermore, as shown in Fig. 13B, the height 
of the working head 12 must be changed to a position 
'd' with respect to the upper welding joint portion withT 
the riser pipe 5 and changed to a position 'e* with respect 
to the lower welding joint portion. In addition, an emis- 
sion angle of laser beam must be changedto the upward 
and downward directions. 

[0120] The height of the working head 12 must be 
changed to positions 'f\ 'h' and 'g' with respect to the 
welding joint portion of the riser brass arm 6 in the upper 
and lower surfaces of the upper arm. An emission angle 
of the laser beam must be changed to the upward and 
downward directions./Thus, the direction of the working 
head 12 must be changed in accordance with the posi- 
tions as described above. 

[0121] In order to carry out a working with respect to 
the counter-side (opposite side) working portion, the 
working head 12 is passed through a_gap between the 
shroud 2 and the riser pipe 5, and thereafter, the direc^. 
tion of the working head 12 is inverted by an angle of 
about 180°. 

[01 22] In this case, the working head 1 2 is positioned 
to each of the positions 'a', 'b' and 'c' shown in Fig. 1 3A 
according to the turning operation by the drive motor 1 30 
and the rotating operation by the drive motor 132. 
[0123] Further, the working head 12 is positioned to 
each of the positions *d\ 'e\ T , 'g' and 'h' shown in Fig. 
13B according to the elevating operation by the drive 
motor 126, and thus, the working head 12 is vertically 
moved and positioned. 

[0124] Furthermore, in order to move the working 
head 12 to the counter-side working portion, as shown 
in Fig. 13C, the drive motor 132 is driven so that the 
working head 1 2 is made parallel to the shroud 2. There- 
after, the drive motor 130 is driven so that the turning 
arm 124 is turned so as to move the working head 12 
near the shroud side together with the turning mast 1 25. 
[0125] In addition, when a turning unit, not shown, is 
rotated and then passed through the riser pipe, each 
shaft of the working unit 121 is again driven so that the 
working head 12 is positioned. 

[0126] As described above, according to this tenth 
embodiment, it Is possible to position the working head 
12 to the working target portion through the manipulator 
positioning control by the remote control means. 

[Eleventh Embodiment] 

[0127] Fig. 14 is a perspective view showing a work- 
ing head of an underwater maintenance and repair ap- 
paratus according to an eleventh embodiment of the 
present invention. In this eleventh embodiment, the 
working head used in the tenth embodiment is shown 
as one example. 

[0128] As shown in Fig. 14, the working head 12 is 



11 



21 



EP 1 189 241 A1 



22 



provided with a joint portion 22 for receiving a laser 
beam at its upper portion and also provided with a rotary 
base 150 at its center portion. The rotary base 150 is 
attached with a nozzle attachment base 152 through a 
bearing 151. The nozzle attachment base 1 52 is provid- 
ed with a reflection mirror 1 53, an expansible nozzle 1 54 
and a nut 155 engageable with a screw thread formed 
to the outer peripheral side of the expansible nozzle 1 54, 
at its one side. The outer periphery of the nut 155 is at- 
tached to the nozzle attachment base 152 through a 
bearing 156. 

[0129] Further, one side of the nut 155 is joined with 
a pulley 157, and a belt 159 is stretched between the 
pulley 1 57 and a pulley 1 58 mounted to a rotary shaft of 
a drive motor, not shown, built in the nozzle attachment 
base 152. Thus, the power is transmitted to the pulley 
1 57 via the belt 1 59 from the pulley 1 58. 
[0130] Furthermore, the mirror side end portion of the 
expansible nozzle 1 54 is provided with a guide key 1 60. 
The guide, key 160 is fitted into a guide groove 161 
formed to the nozzle attachment base 1 52 so as to guide 
the expansible nozzle 154 in a non-rotatable fashion. A 
collective lens is incorporated in the expansible nozzle 
154. 

[0131] Therefore, the drive motor built in the nozzle 
attachment base 152 is driven, and the power is trans- 
mitted to the pulley 157 via the belt 159 from the pulley 
158. Thus, the pulley 157 can be rotated. According to 
such structure, since the nut 155 becomes rotatab!e s the 
expansible nozzle 154 becomes expansible. 
[0132] On the other hand, the rotary base 150 has a 
built-in drive motor (not shown) at its internally central 
portion. A belt 165 is stretched between a pulley 163 
fixed to the rotary shaft of the nozzle attachment base 
located on the upper portion of the rotary base 150 and 
a pulley 1 64 of the aforementioned drive motor, and the 
power is transmitted to the pulley 163 via the belt 1 65 
from the pulley 164. 

[01 33] Therefore, when the drive motor built in the ro- 
tary base 150 is driven, the power is transmitted to the 
pulley 1 63 via the belt 1 65 from the pulley 1 64, and then, 
the nozzle attachment base 152 becomes swingable in 
a range shown by an arrow G. According to this arrange- 
ment, it is possible to change an angle of the expansible 
nozzle 154. 

[0134] Furthermore, the rotary base 150 is attached 
with a ball nut 166 at its lower portion. The ball nut 1 66 
is engaged with a ball screw 1 67 and fixed to a horizontal 
(traverse) base 1 68. The horizontal base 1 68 has a built- 
in drive motor. A belt 171 is stretched between a pulley 
1 69 fixed to the end portion of the ball screw 1 67 located 
on the upper portion of the base and a pulley 170 fixed 
to the rotary shaft of the aforementioned drive motor, 
and then, the power is transmitted to the pulley 1 69 via 
the belt 1 71 from the pulley 1 70. 

[0135] Accordingly, when the drive motor built in the 
horizontal base 168 is driven, the power is transmitted 
to the pulley 169 through the belt 171 from the pulley 



170, so that the rotary base 150 can make a transverse 
operation shown by an arrow H. 
[01 36] Furthermore, a ball nut 1 72 is fixed to the side 
portion of the horizontal base 150. The ball nut 172 is 
5 engaged with a ball screw 1 73, which is fixed to an ele- 
vating base 174. The elevating base 174 is formed in- 
tegrally with an elevating base 175, which has a built-in 
drive motor. 

[0137] A belt 178 is stretched between a pulley 176 
10 fixed to the upper end portion of the ball screw 1 73 and 
a pulley 1 77 fixed to the rotary shaft of the drive motor 
built in the elevating base 175, and the power is then 
transmitted to the pulley 176 via the belt 178 from the 
pulley 177. 

*5 [0138] When the drive motor built in the elevating 
base 1 75 is driven, the power is transmitted to the pulley 
1 76 through the belt 1 78 from the pulley 1 77, so that the 
elevating base 174 can make an elevating operation 
shown by an arrow I. 

20 [0139] Further, the upper portion of the elevating base 
174 is connected to the turning mast 125 and also pro- 
vided with the joint portion 22 for receiving a laser beam. 
[01 40] The laser beam received from the joint portion 
22 is passed through an optical fiber cable 179 and is 

?5 guided to a reflection mirror 181 of a mirror case 180 
located on the upper portion of the elevating base 174. 
Then, an optical path is changed in its direction at a right 
angle by the reflection mirror 181 and is again changed 
at a right angle by the reflection mirror 153. Thereafter, 

» the optical path arrives at the working surface through 
the collective lens 162. 

[0141] Next, the following is a description on an oper- 
ation of the working head of this eleventh embodiment. 
[01421. In each of the positions 'd\ 'e', 'g' and 'h' of 

« the working head of Fig. 1 3B, the nozzle angle is adjust- 
ed by ttie drive motor built in the rotary base 1 50. In this 
time, a relative distance between the working target por- 
tion and the expansible nozzle 154 is variable, and for 
this reason, the drive motor built in the nozzle attach- 

o ment base 152 is driven, and hence, a distance of the 
collective lens 1 62 is changed so that the laser beam is 
converged into the working surface. In this embodiment, 
the change of the optical path of the laser beam is shown 
by the symbol J in Fig. 14. 

5 [0143] Moreover, a working range per batch is set by 
the horizontal operation by the drive motor built in the 
horizontal base 168 and the elevating operation by the 
drive motor built in the elevating base 175. 

o [Twelfth Embodiment] 

[0144] Fig. 15 is a cross sectional view showing an 
optical fiber connector plug of an underwater mainte- 
nance and repair apparatus according to a twelfth em- 
5 bodiment of the present invention. 

[0145] As shown in Fig. 15, an optical fiber connector 
plug 15a of this twelfth embodiment is composed of an 
optical fiber cable 13, a first optical fiber case 185, a 
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second optical fiber case 1 86, and a second optical fiber 
case 187. More specifically, the first optical fiber case 
1 85 is fixed to the outer periphery of the distal end of 
the optical fiber cable 13, and the second optical fiber 
case 187 fixed in the second optical fiber case 186. 5 
[0146] The optical fiber cable 13 and the second op- 
tical fiber case 1 86 are arranged so as to mechanically 
and closely abut against each other, and boundary ther- 
ebetween is water 1 88. The first optical fiber case 1 85 
and the second optical fiber case 1 86 of the optical fiber 10 
connector plug 15a have a fitting structure and consti- 
tute a rotary plug. Further, these cases have a structure 
capable of being rotated to a circumferential direction 
although they are fixed so as not to be moved in the axial 
direction. 15 
[0147] Therefore, in a state that the optical fiber con- 
nector plug 15a is jointed and fixed to the optical fiber 
connector receptacle 16 of the working head 12, when 
a twisting motion is generated in the optical fiber cable 
1 3, the optical fiber 1 3 and the first optical fiber case 1 85 20 
are relatively rotated to a direction of reducing the gen- 
erated twisting motion. 

[0148] As described above : according to this twelfth 
ernbodiment, even if a positional change of the working . 
head 12 is generated, a twist applied to the optical fiber 25 
cable 13 is reduced. Therefore, it is possible to prevent 
a breaking of the optical fiber cable 13. 
[0149] As will be evident from the above description, 
according to the present invention, It is possible to inde- 
pendently handle the working head, the cable or hose so 
connected to the working head, and the optical fiber ca- 
ble. Therefore, according to the present invention, it is 
possible to improve reliability of the operation and to 
greatly reducing the working time for attaching the work- 
ing head to the working position before carrying out the 35 
working. 

[0150] In the described embodiment, although the 
present invention is limited to the underwater work in the 
reactor, it is applicable to a general underwater work. 
For example, the present invention is applicable to var- 40 
ious tanks such as a storage tank such as a drinking 
tank for factory and home and a fire protection water 
tank, a wastewater or rainwater tank, a sewage treat- 
ment facility tank, and storage and process tank for bev- 
erage such as sake and fruit Juice, chemical substances <*5 
such as oil and medicine. 

[0151] Further, the present invention is applicable to 
repair for ship and submarine in the ocean. In particular, 
it is possible to carry out maintenance and repair with 
respect to the entire system including a tank during so 
movement and sailing. 

Industrial Applicability 

[0152] According to the present invention, it is possi- 55 
ble to achieve surface modification, surface working and 
decontamination with respect to an underwater and 
complicate and narrow working target portion in a tank 



or the like, without breaking an optical fiber cable of un- 
derwater maintenance and repair apparatus. Further, 
even if the system is moving, it is possible to achieve 
maintenance and repair work during movement. 



Claims 

1. An underwater maintenance and repair apparatus, 
characterized by including: 

a laser oscillator for generating a laser beam; 
a working head movably attached to a portion 
in a vicinity of a working target portion in the 
underwater, and adapted to scan the laser 
beam to the working target portion; 
an optical fiber cable for optically connecting 
the working head to the laser oscillator; and 
a joint mechanism- arranged on a connective 
portion of the optical fiber cable and the working 
head to be separable through a remote control 
operation, 

said working head irradiating the laser beam to 
a surface of the working target portion so as to 
achieve surface modification, surface working 
and decontamination. 

2. The underwater maintenance and repair apparatus 
according to claim 1 , wherein the joint mechanism 
is composed of one of an electromagnet attached 
to the working head and a ferromagnetic body t and 
one of a ferromagnetic body having a magnetic 
property reverse to that of the working head at- 
tached to the distal end of the optical fiber cable and 
an electromagnet. 

3. The underwater maintenance and repair apparatus 
according to claim 1 , wherein the joint mechanism 
is composed of a removable unit attached with an 
optical fiber cable and a joint unit located on the 
working head side, which are separable from each 
other, and the joint unit is provided with a removable 
mechanism, which is jointed with the removable 
unit. 

4. The underwater maintenance and repair apparatus 
according to claim 3, wherein the removable unit 
has an expandable and shrinkable float received in 
a protective container, an air is supplied to the float 
through an air hose so that the float is swell, and a 
buoyant force is generated in the float so that the 
removable unit is retrieved. 

5. The underwater maintenance and repair apparatus 
according to claim 1 . wherein the joint mechanism 
includes an optical fiber connector receptacle at- 
tached to the working head, an optical fiber connec- 
tor attached to the optical fiber cable, and a suction 
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mechanism for sucking the optical fiber connector 
and the optical fiber connector receptacle so as to 
be fitted each other. 

6. The underwater maintenance and repair apparatus 
according to claim 1 , wherein one end of a guide 
wire is connected to the distal end of the optical fiber 
cable, and another other end of the guide wire is 
connected to a guide wire winding machine located 
above a reactor pool via a joint mechanism attached 
to the working head, and the optical fiber cable is 
connected to and released from the working head 
by winding up the guide wire by the guide wire wind- 
ing machine. 

7. The underwater maintenance and repair apparatus 
according to claim 1 , wherein an optical fiber guide 
mechanism is located in a reactor, said optical fiber 
guide mechanism including a cylindrical bellows, 
which passes the optical fiber cable so as to supply 
the optical fiber cable to a joint mechanism, and a 
manipulator attache^, at a side thereof, with the bel- 
lows. 

8. The underwater maintenance and repair apparatus 
according to claim 1 , wherein the working head, 
which joints the optical fiber cable using a joint 
mechanism and carries out a working while scan- 
ning the working target portion, is attached to a 
working head attachment, said working head at- 
tachment including a fixing mechanism for fixing the 
working head to an in-core structure and a slid 
mechanism sliding horizontally and longitudinally 
together with the working head. 

The underwater maintenance and repair apparatus 
according to claim 8, wherein said working head at- 
tachment further includes an expansible mecha- 
nism for fixture pressed and fixed between the in- 
core structures and a slid mechanism for sliding and 
positioning the working head. 

The underwater maintenance and repair apparatus 
according to claim 8, wherein said working head at- 
tachment further includes a suction fan to be fixed 
to the In-core structure and a drive mechanism for 
moving and positioning the working head. 

The underwater maintenance and repair apparatus 
according to claim 8, wherein said working head at- 
tachment further includes a suction mechanism to 
be sucked to an in-core structure, a manipulator, 
which is provided with the working head and is var- 
iable in attitude and position thereof, and a relay op- 
tical fiber cable interposed between internal joints 55 
of the manipulator. 
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according to claim 1 , wherein a working unit having 
a structure of a manipulator is attached to aturning 
track movable to a circumferential direction of reac- 
tor and the working head is attached to the distal 
end of the working unit and is positioned to the wo rk- 
ing target portion according to a position control by 
means of remote control. 

13. The underwater maintenance and repair apparatus 
according to claim 1 , wherein a second optical fiber 
cable is arranged on the distal end portion of the 
optical fiber cable so that the optical fiber cable and 
the second optical fiber cable are relatively rotata- 
ble through a rotary plug. 

14. An underwater maintenance and repair method, 
comprising the steps of: 

independently fixing a working head to a portion 
in a vicinity of a working target portion; 
jointing an optical fiber cable to the working 
head using a joint mechanism through a remote 
control operation; 

guiding a laser beam emitted from a laser os- 
cillator through the optical fiber cable, and 
irradiating the laser beam from the working 
head to a surface of the working target portion 
while carrying out a scanning operation to 
achieve surface modification, surface working 
and decontamination. 



1 2. The underwater maintenance and repair apparatus 
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